These conditions were indicated by similar temporal trends in NO 2 VCDs and mixing ratios when measurements 21 were sufficiently distant from the sources. Leighton ratios within transported plumes indicated peroxy radicals were 22 likely disturbing the NO-NO 2 -O 3 photostationary state through VOC oxidation. The average lower limit emission 23 estimate of NO x from Sarnia was 1.60 ± 0.34 tonnes hr -1 using local 10 m elevation wind-speed measurements. Our
121
verification that aerosol levels were sufficiently low to determine VCDs without radiative transfer modelling since
122
VCDs obtained from both angles should be equal within ±15% under low to moderate aerosol loading conditions 123 (Wagner et al., 2010) . The cool temperatures in March aided in this as secondary organic aerosol loading tends to be 124 low in this season due to an absence of biogenic emissions.
125
A Model 42 chemiluminescence NO-NO 2 -NO x Analyzer (Thermo Environmental Instruments Inc.) mounted in the 126 vehicle measured NO, NO 2 , and NO x (NO+NO 2 ) near-surface mixing ratios. A PTFE inlet tube (5m length and
The DSCD offset polynomial is most accurate when successive spectra in each sequence observe similar mixing ratio 166 fields, and measurements obtained many data-points over most of the daylight hours. However, routes on Days 2 167 and 3 included driving in and out of both high and low NO x regions within short time-periods and thus met neither 168 of the requirements listed above for the DSCD offset method. On these days, a second method was used where NO 2
169
DSCDs were fit against an FRS spectrum obtained close in time (<25 minutes) along each respective route in a low-photon such that the air-mass factor (AMF) depended only on the viewing elevation angle, ∝,
175 (Brinksma et al., 2008 )(Wagner et al., 2010 . This "geometric approximation" is most valid under low to moderate 176 aerosol loading and has been shown to deviate from the typically more accurate radiative transfer modelling by up to
177
±20% under moderate aerosol loading (Shaiganfar et al., 2011) . Day 1 VCDs were calculated following Eq. (1):
Days 2 and 3 NO x and Day 1 SO 2 VCDs were calculated following Eq. (2):
180

Estimating Trace-gas Emissions from MAX-DOAS VCDs
181
Trace-gas emission estimates were calculated following a flux integral approximation Eq. (3):
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source emission rates while driving (Ibrahim et al., 2010; Wu et al., 2017) . Previous studies have estimated wind-
196
fields from local meteorology stations (Ibrahim et al., 2010) , meteorological models (Shabbir et al., 2016; 197 Shaiganfar et al., 2011 197 Shaiganfar et al., , 2017 or LIDAR measurements (Wu et al., 2017 
248
the ratio of NO 2 VCD to NO 2 mixing ratio was sometimes variable even during relatively short time periods when 249 the boundary layer height was expected to be constant (Fig. 2a) by <15% for all routes except for Day 1 route 1 due to low wind-speeds during that route (30% change).
352
For the calculation of SO 2 emissions, SO 2 was assumed to have a sufficiently long lifetime in the boundary layer so
353
as to be conserved between the emission and measurement location. Note that cloud processing of SO 2 was assumed
354
to be negligible since SO 2 measurements were completed on a mostly cloud-free day.
355
Emission Estimates
357
Emission Estimates of Sarnia
358
The VCDs measured are shown in Fig. 3-6 while the NO x emissions calculated using Eqs. (3) and (4) 
512
The variability in the ratio of the NO 2 VCDs and mixing ratios indicates that surface NO 2 mixing ratios cannot be 
